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ABSTRACT 

H i g h l i g h t s  of t h e  latest  program reviews of t h e  

on-going A i r  Force advanced development programs are d e s c r i b e d  

as p r e s e n t e d  by t h e  i n d u s t r y  c o n t r a c t o r s .  The programs are 

t h e  : 

1. 

2. 

Advanced Maneuvering P ropu l s ion  Technology Program 

(AMPT) of Rocketdyne, and 

The Reusable Rocket Engine Program (RREP) of P r a t t  

and Whitney. 

The RREP is  t h e  prime c a n d i d a t e  p r o p u l s i o n  program 

f o r  use  i n  L02/LH2 r ecove rab le  b o o s t e r s  now under  s tudy  a t  

NASA. 
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MEMORANDUM FOR FILE 

The w r i t e r  a t t e n d e d  t h e  l a t e s t  program reviews of 

The Advanced Maneuvering P ropu l s ion  
t h e  t w o  on-going A i r  Force advanced development programs (ADP) 
f o r  c ryogenic  engines .  
System (AMPT) (AF P r o j e c t  3 )  i s  under  c o n t r a c t  t o  t h e  Rocketdyne 
D i v i s i o n  of NAR and is t o  r e s u l t  i n  a demonst ra t ion  f i r i n g  of 
a complete p r o p u l s i o n  module. The module i s  s i z e d  f o r  u s e  on 
a T i t a n 1 1 1  Dlaunch v e h i c l e .  The Reusable Rocket Engineer ing  
Program (RREP) (AF Project 2 )  i s  under  c o n t r a c t  t o  P r a t t  and 
Whitney and i s  t o  r e s u l t  i n  a series of  f i r i n g s  o f  a demonst ra tor  
engine  o f  a s i z e  s u i t a b l e  f o r  c o n s i d e r a t i o n  i n  r e u s a b l e  i n t e g r a t e d  
r e u s a b l e  spacec ra f t / l aunch  vehicles now under s t u d y  throughout  
t h e  i n d u s t r y .  Both programs a r e  c l a s s i f i e d .  The fo l lowing  
d e s c r i b e s  t h e  u n c l a s s i f i e d  progress .  

1 . 0  AMPT - 
(The p r o p e l l a n t s  used i n  t h i s  c o n t r a c t  are c l a s s i f i e d . )  

The f o u r t h  q u a r t e r l y  p r o g r e s s  r e p o r t  of t h e  AMPT program 
was h e l d  a t  Rocketdyne, Canoga Park ,  C a l i f . ,  on 1/15/69. An 
agenda of  t h e  meeting i s  appended. P r io r  t o  t h e  AMPT r e p o r t ,  
Rocketdyne p r e s e n t e d  t h e i r  l a tes t  (concluding)  d a t a  on t h e i r  
NASA L02/LH2 250,000 l b s  t h r u s t  Aerospike t e s t  program. 

Advanced Engine Aerospike (AEA) t e s t  d a t a  have demonstrated t h e  
fo l lowing:  

The NASA 

1. s a t i s f a c t o r y  combustor development i s  p o s s i b l e  u s i n g  
a segment for  t e s t i n g  r a t h e r  t han  t h e  compiete ( 3 6 0 " )  
ae rosp ike ;  

2. 94-96% C* (combustion e f f i c i e n c y )  w a s  o b t a i n e d  a t  mix tu re  
r a t io s  above 5; 

3 .  f u l l  t h r u s t  s t a b l e  runs w e r e  ob ta ined  i n  5 second 
d u r a t i o n  tests; and 
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4. estimates of engine performance w e r e  450 seconds I SP 
(max) a t  an  expansion r a t i o  ( e )  o f  75 : l .  Th i s  l e v e l  
i s  low compared t o  a h igh  p r e s s u r e  (RREP t y p e )  engine  
of t h e  same e x i t  diameter .  

Phase I of t h e  t w o  phase AMPT program has  been extended 
from 2 4  t o  3 1  months supposedly t o  "deepen t h e  combustion t e s t i n g . "  
Phase I complet ion i s  now scheduled f o r  mid 1970.  Rocketdyne i s  
be ing  suppor ted  under  s u b c o n t r a c t  by t w o  v e h i c l e  d e s i g n  con- 
t ractors ,  Lockheed Missiles and Space Co., (LMSC) and General  
Dynamics Convair D iv i s ion  ( G D ) .  Both companies p re sen ted  t h e i r  
p r o g r e s s .  
f e r e n c e s  of des ign  phi losophy.  However, s t a g e  performance i s  
comparable. Lockheed showed some p i c t u r e s  of  r e u s a b l e  s p a c e c r a f t  
des igned  f o r  use w i t h  AMPT engines  as based on c o n t r a c t  des ign  
s t u d i e s  wi th  t h e  A i r  Force F l i g h t  Dynamics Labora tory .  
i n  such  an a i r p l a n e ,  t h e  AMPS engine  p o t e n t i a l l y  must s t a r t  f r o m  
a n e g a t i v e  "53" c o n d i t i o n .  T h i s  requi rement  i s  n o t  p a r t  of t h e  
p r e s e n t  AMPT o p e r a t i n g  l i m i t s .  

Both are on schedule  w i t h  each having some b a s i c  d i f -  

I f  used 

I n  summary t h e  AMPT program is  p r o g r e s s i n g  down t h e  
extended p a t h  w i t h o u t  any a n t i c i p a t e d  problems. 
b r i e f i n g s  (Ref. 1 , 2 ,  and 3 )  a r e  a v a i l a b l e  from t h i s  w r i t e r .  

The c o n t r a c t o r s  

2.0 RREP - 
The t h i r d  program review on t h e  A i r  Force Project 2 

"Reusable Rocket Engine Program I' (RREP) w a s  h e l d  a t  P r a t t  and 
Whitney a t  West P a l m  Beach, F l a .  on 1/28/69. The RREP has  
r e s u l t e d  i n  t h e  d e s i g n a t i o n  of t h e  XLR 1 2 9  P-1 engine  system 
which i s  d e f i n e d  as fo l lows:  
250,000 pound t h r u s t  r e u s a b l e  oxygen/hydrogen r o c k e t  engine w i t h  
a two p o s i t i o n  exhaus t  nozz le ,"  ( u n c l a s s i f i e d ) .  

" t h e  XLR 1 2 9  P-1 i s  a h igh  p r e s s u r e  

The RREP i s  a 54 month program (now i n  t h e  1 5 t h  month) 
des igned  t o  cu lmina te  i n  a series of 3 0  f u l l  s c a l e  engine  system 
tests of a 'Idem-onstrator" (flight t y p e i  n o t  f l i g h t  weiqht) con- 
f i g u r a t i o n .  S p e c i f i c a t i o n s  of performance, du ty  c y c l e s ,  etc. 
are c l a s s i f i e d .  The program is  on schedu le  w i t h  m o s t  of t h e  
d e s i g n  e f f o r t  completed and i n i t i a t i o n  s t a r t e d  of hardware fab- 
r i c a t i o n  and procurement. S u f f i c i e n t  t e s t i n g  of bea r ings  and 
seals were r e p o r t e d  t o  provide  conf idence  f o r  des ign  s e l e c t i o n .  

While a t  P r a t t  and Whitney, th rough t h e  o f f i c e s  of 
Col. T. McCreery (AF Rocket  Propuls ion  L a b o r a t o r y ) ,  a d i s c u s s i o n  
of development phi losophy,  schedules ,  budget  and p lanning  estimates 
w a s  h e l d  w i t h  key P r a t t  and Whitney personnel .  S u f f i c i e n t  d a t a  
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w e r e  p rovided  t o  document t h e  cost and development phi losophy 
f o r  use  i n  Be l l comm in-house s t u d i e s .  These w i l l  be d e s c r i b e d  
i n  a c l a s s i f i e d  memo t o  be publ i shed  i n  t h e  n e a r  f u t u r e .  The 
fo l lowing  u n c l a s s i f i e d  comments are cogent .  The d r i v i n g  force 
i n  phi losophy i s  a i r c r a f t  engine  p a s t  expe r i ence .  T h i s  p h i l o s -  
ophy s ta tes  t h a t  p ropu l s ion  o r i e n t e d  development costs d e c r e a s e  
s i g n i f i c a n t l y  if t h e  engine  development program i s  cont inued  w e l l  
beyond PFRT ( p r e - f l i g h t  r a t i n g  tes t )  because of t h e  r e s u l t i n g  
improved engine  r e l i a b i l i t y .  700 f u l l  scale f u l l  d u r a t i o n  tes ts  
are proposed t o  PFRT and 2,000 t o  eng ine  qLlal i . f icat ion based 
on r e l i a b i l i t y  c r i te r ia .  The l a r g e  amount of hardware necessa ry  
t o  s u p p o r t  t h i s  s i z e  t e s t  program i s  a major  i t e m  of t h e  cost  
i n  a RREP f l i g h t  engine development progran .  The impact  of t h e  
p r e s e n t  RREP program is s m a l l  as it c o n t a i n s  only  30 f u l l  scale 
tests. Another s i g n i f i c a n t  c o s t  f a c t o r  because of t h e  l a r g e  
number of tests r e q u i r e d  i s  t h a t  of LO2/LHZ propel lan ts - - f rom 
35 t o  50% of the t o t a l  R&D c o s t s .  

A copy of t h e  RREP p r e s e n t a t i o n  ( R e f .  4 )  i s  a v a i l a b l e  
f r o m  t h i s  w r i t e r .  

1013-CB-nma 
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AGENDA 

AMPT PROGRAM FOURTH QUARTEFUY REVIEW 

Rocketdyne D i v .  of NAR 

1 5  J a n u a r y  1969 

I n t r o d u c t i o n  W. J .  Brennan 

AEA 250K T e s t  Program W. R. S t u d h a l t e r  
H. C. Wieseneck 

AMPT Program O v e r a l l  Summary R. R.  Morin 

Task I - Engine System A .  T. Zachary 
Ana lys i s  and Design 

T 2 c L  I1 - C r i t i c 2 1  E,?c;iz.,e 2. E. EEGng 
Component Demonstration 
T e s t i n g  

5-Inch Thrus t  Chamber Segment 
30-Degree T h r u s t  Chamber Segment 
Main T h r u s t  Chamber 
Ox id ize r  Pump Bearings and S e a l s  

Task I11 - P r o p e l l a n t  Feed H.  G .  D i e m  
System - I n t r o d u c t i o n  

Convai r  - Task I11 C.  F. P e t e r s  
Overal l  Task I11 S t a t u s  
Subsystems A n a l y s i s  and Des ign  
Des ign  V a r i a t i o n  S t u d i e s  

Lockheed - T a s k  I11 

Overal l  Task I11 S t a t u s  J. H. G u i l l  

Subsystem Ana lys i s  
and Design 

R. T. Parmley 

Des ign  V a r i a t i o n  S t u d i e s  J. H. G u i l l  


